Recent small-scale genomics analyses suggest that physiologic regulation of pro-inflammatory gene expression by endogenous glucocorticoids may be compromised in individuals who experience chronic social isolation. The present study assessed the relationship between leukocyte distributional sensitivity to glucocorticoid regulation and subjective social isolation in a large population-based sample of older adults. Initial analyses confirmed that circulating neutrophil percentages were elevated, and circulating lymphocyte and monocyte percentages were suppressed, in direct proportion to circulating cortisol levels. However, leukocyte distributional sensitivity to endogenous glucocorticoids was abrogated in individuals reporting either occasional or frequent experiences of subjective social isolation. This finding held in both non-parametric univariate analyses and in multivariate linear models controlling for a variety of biological, social, behavioral, and psychological confounders. The present results suggest that social factors may alter immune cell sensitivity to physiologic regulation by the hypothalamic-pituitary-adrenal axis in ways that could ultimately contribute to the increased physical health risks associated with social isolation.
Introduction
Social isolation is a risk factor for several adverse health outcomes including all-cause mortality (Berkman, 1977; House et al., 1988; Seeman, 1996; Berkman and Kawachi 2000; Cacioppo and Hawkley, 2003) , and specific infectious, neoplastic, and cardiovascular diseases (Reynolds and Kaplan, 1990; Krongrad et al., 1996; Cohen et al., 1997; Eng et al., 2002; Cole et al., 2003; Soler-Villa et al., 2003; Caspi et al., 2006; Kroenke et al., 2006) . A recent functional genomics analysis suggests that alterations in immune system regulation by the hypothalamic-pituitary-adrenal (HPA) axis might contribute to these effects (Cole et al., 2007) . Endogenous glucocorticoids from the HPA axis play a central role in physiologic control of inflammation by inhibiting the proinflammatory transcription factor NF-jB (Munck and Guyre, 1986; Ruzek et al., 1999; Rhen and Cidlowski, 2005; Onard et al., 2007; Pace et al., 2007) . However, the HPA axis also mediates physiologic stress responses to a variety of non-inflammatory challenges (e.g., psychological or social stressors) (Weiner, 1992; Sapolsky, 1994; Dickerson and Kemeny, 2004) , and those competing functional demands can potentially undermine the optimal control of inflammatory gene expression. Studies in animal models have shown that repeated social disruption can induce a state of glucocorticoid resistance in which the glucocorticoid receptor (GR) becomes less efficient in transducing endogenous glucocorticoid signals (Quan et al., 2003; Pace et al., 2007) . This dynamic is believed to stem from GR phosphorylation by the p38 mitogenactivated protein kinase signaling pathway, which results in decreased receptor affinity for glucocorticoids (Wang et al., 2004) , and subsequent derepression of pro-inflammatory gene expression (Stark et al., 2001; Avitsur et al., 2005) .
Studies of chronically stressed human beings have shown evidence of glucocorticoid resistance in ex vivo assays of leukocyte cytokine response to lipopolysaccharide (LPS) (Miller et al., 2002 (Miller et al., , 2005 . Based on those findings, we hypothesized that links between social isolation and inflammation-related disease might stem from underlying alterations in leukocyte sensitivity to regulation by endogenous glucocorticoids. A recent functional genomics analysis supported this hypothesis in showing decreased transcription of GR target genes (e.g., HIST1H2BG, STAT1, TNFRSF17, and TCN1) and increased transcription of NF-jB target genes (e.g., EGR3, FOSB, IL8, and PTGS2) in leukocytes from people experiencing chronically high levels of subjective social isolation (loneliness) (Cole et al., 2007) . However, it is not clear whether altered glucocorticoid regulation is a common correlate of subjective social isolation, or whether such effects occur only in individuals who show high levels of loneliness over long periods of time (e.g., consistently over 4 years in the extreme groups design of the genomics-based analysis) (Cole et al., 2007) . It also remains unclear whether the effects previously observed in a small sample of older Americans from the Chicago metropolitan area might generalize to other socio-cultural contexts. To address these questions in populationbased epidemiologic studies or biosocial surveys (Weinstein
